Introduction
With the rapid development of economy and constant improvement of human's requirements of living environment, the air pollution, especially PM2.5, has drawn much attention in China. The so called PM2.5, particles of aerodynamic diameter less than 2.5 micrometers, can lead to hazy weather and cause health problems [1] . Therefore, it is important and necessary to predict precisely the PM2.5 concentrations for the control of air pollution and the improvement of the human living conditions.. However, it is not adequate to model and predict the PM2.5 concentrations using traditional methods when the fire or explosion takes place in somewhere. For this case, it is crucial to find a suitable method or model to predict the PM2.5 concentrations.
Fractional reaction-diffusion equations can be regarded as the generalization of classical reaction-diffusion equations [2] and have been successfully applied to model problems in physics [3] , biology [4] , finance [5] . In this paper, we will use the following fractional reaction-diffusion equation to describe the diffusion of PM2.5:
subject to the initial and Dirichlet boundary conditions given by
where the diffusion coefficient ( ) 0 a x  , wind speed ( ) 0 b x  , and decay coefficient ( ) 0 c x  are continuous, ( , )
which represents sources and sinks.
( , ) u x t is the pollutant concentration.
is a Riemann fractional derivative of order  , which is defined by [6] 
International Symposium on Energy Science and Chemical Engineering (ISESCE 2015) For this equation, many researchers have studied the existence and uniqueness of the solution and acquired good results [6] [7] . While to establish the numerical solution for this equation is also attractive. There are two ways to discretize the fractional derivatives. One is shifted Grünwald formula [8] , the other is finite difference scheme [9] . This paper takes the first way to approximate the fractional space derivatives, and construct the Crank-Nicolson scheme. Below we prove the existence of the numerical solution and then we analyze the stability and convergence of the scheme. An example with known exact solution is also presented to test the efficiency of the scheme. Finally, we simulate the diffusion of PM2.5 in Guangzhou by choosing appropriate parameters.
The Crank-Nicolson scheme for the fractional reaction-diffusion equation
In this section, we propose the Crank-Nicolson numerical approximation scheme based on the shifted Grünwald formula [10] [11] , which is defined as
We define h to be the grid size in spatial direction with
and  to be the grid size in time direction, with
u is the numerical solution of Eqs. (1)- (3), we have the following scheme:
Therefore, Eqs. (5)- (7) can be written as the following matrix form:
where A into (10) we have
Then by [11] , we can see that Proof. In light of [12] , we can see the local truncation error of Eqs. (5)- (7) is
, therefore the scheme is consistent. Then according to Theorem 1 and Lax equivalence theorem [12] , we can show the method is convergent and the order of convergence is
A numerical example
The following fractional reaction-diffusion equation Here we take Table 1 shows that as the number of spatial steps is quadrupled and time steps is doubled, the maximum error is quadrupled, as expected from the order contour is getting more and more sparse with the increase of x for fixed t, which indicates the higher the concentrations of PM2.5, the faster of the concentrations decreased and the smaller range with high PM2.5 concentrations. Moreover, Fig. 3 also shows the contour is getting more and more intensive with the increase in t for fixed x, which means PM2.5 concentrations increase more rapidly with the increase in t. 
